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‘This invention relates to the elimination of crab grass
from lawns and other infested areas and to 8 selective
herbicidal material active against crab grass seed on a pre-
emergence basis. The present application constitutes a
continuation-in-part of my similarly entitled, copending
application Serial No. 631,433 filed December 31, 1956
and now abandoned.

Crab grass is a particularly noxious turf weed that has

effectively resisted control measures based on the appli-

cation of ordinary post-emergence herbicides to the grow-
ing plants in customary manner. A reasonably successful
method of combating crab grass in the past has been the
use of lead arsenate (in its dibasic form as PbHAsOy) as
a pre-emergence contro], based on its toxic effect upon the
crab grass seed. The arsenate powder is mixed with an
inert carrier, such as an jnorganic soil conditioner, and is
spread over the area to be treated. Rain or sprinkling
washes it into the surface humus layer, where it exerts
a toxic effect upon the seed. Experience has shown that
it has little or no toxic effect upon desirable turf grasses.

While in recent years it has been proven that lead arse-
nate is more reliable in its action than origically supposed
by those who first experimented with its use for crab
grass control (see F. A, Welton and J. C. Carroll “Crab-
grass in Relation to Arsenicals,” Amer. Soc. Agron. Jour
30:816-826, 1938, and “Lead Arsenate for the Control of
Crabgrass” Amer. Soc. Jour. 39:413-521, 1947) and does
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not require the application of quite so great a quantity as -

originally supposed, it is still a comparatively expensive
material for turf weed killing purposes, and its use has
been limited for that reason.
" In sceking a more readily obtainabls and Jess expen-
sive material for ¢the purpose, I conceived the use of
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arsenous oxide (As;O,), or arsenic trioxide, as it is often..

called, and initiated w series of tests to determine ils
suitability, .

Arsenic trioxide is produced in highly refined form for
a variety of uses, but it is also obtainable in great
quantity and at low cost in crude form as a normally

waste by-product of metallurgical amelting operations of.

“the lead and zinc industries, particularly in the Western
part of the United States.
the bag houses of such smelters as that of the United
States Smelting, Mining, and Refining Company at Mid-
vale, Utah, are approximately 95% arsenic trioxide.

Previously, arsenic trioxide had been known and ex-
tensively used as a soil sterilant or complete herbicide.
Even though a variety of other arsenicals had been pro-
posed and tested as pre-emergence controls for crab grass,
the strongly herbicidal quantities of arsenic trioxide with
Tespect 10 all growing vegetation had apparently elimi-
nated it from serious consideration. -

The tests indicated, however, that arsenic trioxide bas
the capacity to destroy crab grass seeds, witbout undue
effect on ordinary turf grasses, when applied in quanti-
ties considerably less than sufficient to act as 2 soil steri-
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lant. Nevertheless, the amount necessary for attaining
effective control from a.commercial standpoint” brought
about excessive turf damage and showed that arsenic tri-
oxide is not a satisfactory commercial substitute for.lead
arsenate. On the other hand, comparative tests carried
out with various arsenicals and various combinations. of
arscnicals have shown that a combination of arsenic tri-
oxide and lead arsenate is a -highly effective pre-
emergence control for crab grass and that it causes no
significant nor permanent damage to commonly used. -
turf grasses, such as bluegrass,.fescues, bents, and ber-
muda grass, when applied at rates per unit area consider-
ably less than has been customary with any single arse-
nical known to be useful for this purpose.

From the results of these tests, an ophmum formula-
tion was worked out from an economic standpomt for
general use, wherein lead arsenate and arsenic trioxide.
are present in approximately a one part to three parts by
wexght basis and wherein the total available and effective
arsenic content is present to a greatly increased extent-per-
unit weight of the prep'ared' material than was economi-
cally feasible in prior formulations vsing lead arsenate
alone.

While the economic aspcct of the matter is xmportant,-
in that a way has been found to make available a readily
obtainable and low cost arsenical for.crab grass control,
as well as to considerably reduce the total quantity of
control material required per unit area, early-indications
of superior results from use of the combined arsenicals
a8 against.use of either arsenical along in the quantity
necessary to produce commercially acceptable control,-
have been borne out by extensive field and laboratory
tests. Such tests have shown an important synergism be-
tween the combined arsenicals, chiefly as respects solu- -
bility. Thus, it has been found that the presence .of

lead arsenate ephances the solubility of arsenic trioxide,
thereby enabling a significantly lesser quantity to be em-
ployed for pre-emerpence control of crab grass than
would otherwise be the case, Accordingly, I bave found
it possible to use a rate of application of the two arsenic-
als which js low enough to be non-toxic abd yet high
enough to give commercially acceptable control.

The principal object of my invention is, therefore, to
provide an economical method and composition for giv-
ing highly effective and selective control of crab grass in

turf areas.
A feature of the invention is the apphcauon, to an in- .

‘fested turf area, of a combination of appropriate arsen-
~ icals, particularly arsenic trioxide and lead arsenate,

Further objects and features will become apparent from

. the following detailed description of both tmethod and

‘Smelter flue dusts caught in -
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composition, referepce being made to the accompanying
drawing in which the single FIGURE is a graph illustratiog
the effect of the presence of lead arsenate on the solu-
bility of arsenic trioxide. N
In carrying out initial large-scale field tests with vari-
ous ratios of arsenic trioxide and lead arsenate, an area
of turf heavily infested with large, hairy, crab grass was
selected on the University of Utah campus and was di-
vided into individual 100 square foot plots, each {en by
ten feet in dimension. Of these, a number of plots which
appeared to ‘be heavily infested to about an equal extent
were numbered and assorted in random fashion to receive
different treatments, Three of the plots were set aside -
for control purposes. They were not treated in any way.
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Two batches of each of four different ratios of lead
arsenate and arsenic trioxide mixtures were applied to
cight different test plots, using pairs of mutually ad-
joining plots for each set of the batches. Each batch con-
tained the combined arsenicals on the basis of 15 pounds
per 1600 square feet of turf area, together with ammo-
nium sulfate, river sand, and expanded perlite granules
on the basis of approximately 15, 12 and 4 pounds per
1600 square feet, respectively.

One of cach of the paired plots was treated in Novem-
ber (Fall). - The other was treated the following April
(Spring).

Analysis for crab grass germination and survival was
carried out the following September by making a chain
grid to cover the center 64 square feet of each plot, The
grid divided the plot into divisions of 4 square feet each,
and eliminated one foot of marginal area around the plot.
The crab grass was counted by pulling the plants from
each grid section.

The results of these tests are shown in the following
table:

Table 1

Percent control,

Plants/sq. ft.,
application

PbHASO, opplication
1bs./1600

2. §¢.

A5O3
1bs./1600

Spring Fall Spring

87.3
99.3
80.7
08.3

10 1.0
10

0.28
0.12 |,
0.63

D DI SIONEN

X XX -1..}

-

On the basis of these results, it was determiped that the
opitmum proportions of arsenic trioxide and lead arsenate
for a commercial product having a maximum content of
arsenicals would be approximately 3 parts by weight of
arsenic trjoxide to 1 part of lead arsenate. Accordingly,
a commercial formulation conforming to this optimum
was put on the market under the brand name of Pax
AR-76.
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Club of Los Angeles during the summer of 1956 by._re-
scarchers working in the Department of Floriculture and
Ornamental Hortlculturs of the University of Callfornia
at Los Angeles.

The area used for the tests had been heavily and uni-
formly infested with hairy crab gross (Digitaria sanguin-
alis) in 1955. The turf in the area consisted of a mixture
of bermuda, bluegrass, beats, and fescues. Both pre-
emergence and post-emergence materials were used in
these tests. Individual test plots for seven chemicals, ap-
plied at various rates and schedules, and a check plot made
a total of fourteen comparative tests. The chemicals used
were:

(1) Pax AR-76

(2) Alanap 1-F (1% N-1 napbthyl phthalamic acid)

(3) Crag Herbicide 1 (90% 2,4- dichlorophenoxyethyl
sulfate)

(4) PMAS (10% phenyl mercuric acetate)

(5) Standard lead arsenate with Milorganite

(6) 18.90% disodium methyl arsenale anhydrous

(7) 20% sodium arsenoacetate.

All treatments were randomized in 4 replications. Each
plot was 100 square feet in size.

The first applications of pre-emergence materials was
made on March 1, 1956 before crab grass had begun
to germinate. Crab grass seedlings in the two-leaf stage
were first observed March 22, 1956. The post-emergence
herbicides were first applied at this time.

Phenyl mercuric acetate applications were begun when
the seedlings were small, as observations have shown this
to be the most effective period for the use of this material.
Disodium methyl arsenate and sodium arsenocacetate were
first applicd at the time of peak crab grass germination.
Turf injury and discoloration notes were taken one week
after treatments. Estimates of the number of crab grass
plants surviving each treatment were made by counting
the number of plants found in four one-square-foot plots
taken at random in each treatment. These counts were
made twice during the summer, on June 18 and on Sep-
tember 13, )

The results of these tests are presented in the table
below:

Number of crab
grass plants per sq.
ft. avernge of 4
replications
Treatments ranked sccording to effectiveness Application dntes Application rate per 100 sq. K.
June 195 readings
Juao 18, Bert. 13,
1958 950
1. Pax AR-76 (pre-cmergence) 1 application March 1 . 3.33 1bs. (appros. 3} oz. lead arsenato 0.00 0,00
and 10 oz, arsenic trioxde),
2. Pox AR-76 (pro-emergence) 1 application. ooeeeenaenan- [+ L RN 2.5 1bs 0.05 0.00
3. Dlsodlllun:' methyl arsenate (post-emcrgence) 2 | Moy 14,23 oeoo i acnnnaacnces 0.670z.In 1 gol. Woter.oeeeeeecocacanns 0.56 1.25
spplicotions.
4. Alanpp 1-F (pre-emergence) 3 applicotions....... .| Mareh 1, Aprll I, Mey 15, __.... 1.81bs... 1.06 L5
5. PMAS (postcroergence) 3 applications, ... .| March 22, 28, Apri) 15__.__. 0.25 oz. in 1 gal. waoter. 119 10. 81
6. Alanap I-F (pre-emergence) 4 opplications. .} Mareh 1, 29, May 14, June { 1 1.5 2.50
7. Alonap 1-F (pre-emergonce) 3 applications. _.{ March 22, May 14, June 22... 1.8 1bs 1.66 2,31
8. Cmp Herbicide 1 (procmergence) 4 spplications_.| March 1, 29, May 14, May 23...] 0.30 oz. in 1 gal, water. 2.31 11.06
0. Standard lead arsenato plus Milorganite (pre- | March1 11 oz. lend arsenato plus 4 ibs. Mil- 4.5 12,13
emergence) 1 application, orgunite.
10. Dl”dl’lun:l metbyl arsennts (post-emergence) 3 | May 14,23, Juns 22 caececconnen 0.67 oz.1n 1 gal, water...ceceeceecerenus 5.4 2. 30
applications.
11. Crog Berblcide 1 (pre-emergence) 4 applications, .| March 29, May 14, 23, Juno 22..] 0.30 oz. in 1 gal. Woter...cemverecanan-. 11.00 32.81
12, Emrlilmcﬁml Herbiclde 1 (post-emergence) 5 | May 14, 23, June 1, 7, 22......... 0.50z.in 1 gal. woter. oo \acicaccanacens 12.25 48.31
applications.
13. I:ilsodllluu:i metbyl arscoate (post-cmergence) 1| Moy 14 0.67 0z.1n 1 gol, water. . ueeeocmaceeee e 12,31 10. 44
aspplicotion.
14. Check, no trestment. 22.88 05.94

This composition contains, by weight, approximately
8.25% standard lead arsenate, 25.11% arsenic .trioXide,
0.35% technical Chlordane, 35% ammonium sulfate, and
the remainder expanded perlite granules. The Chlordane
serves as a quick-acting pesticide for moth larvae and
earth worms. The ammonium sulfate supplies nitrogen as
a turf food. The perlite is merely an inert material to add
bulk for spreading purposes.

Comparative tests of several crab grass herbicides were

Comparative field tests were conducted during the sum-
mer of 1958 by the manufacturer of Pax AR-76. The
tests were commenced in May and continued through
much of September. They were designed to show the

70 effect on crab grass-infested turf of respective applica-

tions of a “Pax” formulation containing only arsenic
trioxide as the arsenical, only lead arsenate as the arseni-
cal, and a combination of the two as in the commercial
product. An application rate of 12.5 1bs. per 1000 sq. ft.,

conducted on the 15th fairway of the Bel-Air Country 75 i.e. one-half that recommended for “Pax.” was adopted for
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ihese tests in order to emphasize synergistic effects for
comparative ‘purposes.- The results were as follows:

As;Oy PhHAs0; A830;,
) PbHAsO,
Calcu- Caleu- Caleu-
Raplication lated lated - lated
- . Plants | avg, | Plants| ovg. | Plants| avg,
counted| num- |counted| num- |eounted| nnm-
in40 | berof | in 40 | berof | in40 |.berof
plugs | plants | plugs | plants | plags | plants
per 8q. peraq. per sq
it. 1. it.
i 151.2 56 107.0 2 42.1
48 87:9 41 78.4 8G 68.8
87 128.2 3 130. 8 58 112.8
' 80 112.8 ] 72.0 87 70.7
11 -21.8 10|. 181 7 13.4
29 5.4 2 40.1 15 28.7
108 208.7 53 101. 4 62 118. 5
43 B2.4 as - 66.9 16 30.6
28 40.7 21 40.1 10 16.1
23 44.0 8 15.3 -9 17.2
- 8 18.3 81 183 0 0.0
9 17.2 14| 268 § 8.6
14 20.8 29 55.4 7 13.4
1u 21.8 23 - 44.0 15 28.7
11 3.3 40 76.4 8 15.3
19 36.3 18 84.4 3 5.7
0 0.0 12 n0 0 0.0
8 15.3 4 7.8 2 3.8
17 32.5 1 Le b 0.6
23 4.0 41 78.4 12 2.9
Totals.cuea| ~ 6111 1,169.8 546 | 1,043.5 830 030.9
- Average..__| 30.85| 68.48 27.3 | 82.175 106.5 315
‘Percent control . 56. 198 0. 90 76. 40

Plugger used m sampling had an area of 3.7656 squaro

* inches.,

Average number of crab grass plants per sq. ft—=Total
plants in 20 plugsx144/20x3.7656=Average plants
per plugx1.9120.

Untreated - check plots provided for control purposes
averaged 133.5 plants per square foot. .

Percent control was calculated as fol!ows

As;0,5(133.5—53.48)~-133.5=59.99%
PbHAsO,(133.5~58.48) +133.5=56.95% _
PbHAsO ¢ AS;04(133.5—~31.5)+133.5=276:4% "7\ "
These tests show that arsenic trioxide is 20.2% less cffi-
cient in the control of crab grass when: used alone rather
than in the “Pax” combination, and that Jead arsenate’ i§
15.50% less efficient. This serves to confirm the tests
reported in the October 1956 issue (vol. 6 No. 4) of
“Southern California Turfgrass - Culture” as presented

previously herein.
In none of these {ests’ was there any noticeable injury

{o turf grasses.

In addition to tbe above, work carried out under my
direction has shown that areas treated with mixtures of
arsenic trioxide and lead arsenate are jess toxic to the
seeds of common varicties of turf grasses than arc areas
treated with either of these arsepicals alone, given the
quantity necessary to produce effective control from a
.commercial standpoint. This is demonstrated by com-
- . paring Welton & Carroll's work (supra) with the results
shown above to be achieved by this invention.

That one of the combined arsenicals has a beneficial
effect on the other with respect to achieving pre-emerg-
ence control of crab grass in turf areas js clearly demon-
strated by a series of laboratory solubility tests and by
germination lests carried out in a greenhouse. '

. For the solubility tests, reagent grade lead arsenate and

eagen grade arsem_c {rioxide were added to respective
samples of distilled water and to respective samples of
a soil solution, The soil solution was prepared by allow-
ing fifty grams of sandy loam fo soak in one liter of
distilled water for a period of three days,.with inter-
mittent agitation. . The lead arsenate used for these tests
had the following analysis:
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Percent
Insoluble in HNO;.. 0.009
Chloride (CI) et i cimema 0.004
Nitrate (NO,) e —————— X 214 ]
Substances not prcmpxtated by ------ . e
H.S (as SOy) 2= 0.090
Copper (Cu) = 0.005
Iron (Fe) . 0.001
while the arsenic trioxide had the followmg
- Percent
Assay (Asaos) ..99.99 .
Residue after ignition. - 0.006 :
Insoluble in NH,OH 0.005 -
Chloride (Cl) ; - 0.002
Sulfide (8S) ' 0,001
Antimony (Sb) 0.0001
Lead (Pb) - 0.0005
Iron (Fe) . 0.0001

Arsenic trioxide concentrahon was determmed by lodme
titration.

While a sxmxlar effect was npparent in both-series of .
tests, it was more pronounced where the soil solution .

was the dissolving agency. Accordm"ly, the results from
those latter tests were used in preparing the graph of the
accompanying drawing.

. Determinations for solubility- of arsenic trioxide were
made at intervals of one day, three ‘days, one week, and
two weeks on a eeries of flasks contammg 1000 cubic
cenumetcxs of soil solution into which various ratios.of
arsenic trioxide and lead arsenate had been introduced,
the flasks having been left at room temperaturs for:ths
time periods concerned. Similar solublhty determina-
tions were made for contro] purposes ‘on a flask con-

-taining only the soil solution and arsenic trioxide and

on one containing only the soil solutxon ‘and lead arsenate.
Such determinations were carried out for a total -of five
rephcat:ons, the results: bemg averaged and used-in the
preparation .of the graph, No single . repheabon gave
results at variance with the generalization. The -par-

ticular ratios of arsenic trioxide us._ed and the’ evemged :

results are tabulated as follows:

‘' FIRBT DAY '
T A504, Ooncantrae-
Ratlo by weight. - ration, tions"
. g/ml
Only PbHAsO« (2.858.)c - ceeav .0
Only A0 (2.85 L) eeuccre e 4.8 . X104
2.85-1.0 © 3.12 X109
2.86-L.5 8.22 X104
2.86-2.0. 2.28 X10*
2.86-2.5. 3.12 X108
2.85-3.0. 2.03 X104
2.85-3.5 2.105X10-0
2.85-4.0. 1.44- X104 2.075X10?
THIRD DAY
PbHAS0O, 1] [}
A$10s... 6.46X10~¢ 4L7X10-¢ -
2.85-1.0. B.49X10~ 72.1X10-0
2.851.5 9.2 X10-¢ 84.7X108
2.85-2.0 10.08X10—4 101.3X10-¢
2.86-2.5. 10.06X10~4 101.3X10-8
2.85-3.0 L 8.34X10~+ 87.2X10¢
2.85-3.5. ———— 9.77X10~4 05.610~*
2.85-4.0. 10.48X10~ 108.9X10-8
FIRST WEEK
Only PbHAsO; 0 0.
Only As;0s 8.36X 10~ 87.6X10~
2.85-1.0 10.98X10—4 120.7X10~9
2.85-1.5. 12,7810~ 163.3X10~
2.85-2.0 - 12.93X30~4 187.4X10-¥
2.85-2.5. . 12.92X10 106.9X10-$
2.85-3.0. 12.48X10~ 158.0X10~¢
2.86-3.5... (1127 X104 | 161.3XI10-¢
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SECOND WEEK
PbHAsSD, /] /]
A$0; 10.45%10-¢ 108.1X104
2.86-1.0. 11.72X10+ 137.3X10-
2.85-1.5. 13,53X10~¢ 183 2X10-4
2.85-2.0 14,2510~ X10-¢
2.85-2.5. '14.25X10~ 203 X101
2.85-3.0 14.25X10¢ 203 X10-¢
2.85-3.5 14,25X10~ 203 X10-!
2.85-4.0. 1425104 |- 203 X10-

By the fourteenth day, those flasks containing greater
ratios of lead arsepate had reached equilibrium as to the
amount of arsenic trioxide which would go into solution
under exacting conditions of temperature, etc. Those
containing the two lowest quantities of lead arscnate
were still progressing toward equilibrium.

These carefully controlled tests results show that lead

arsepate provides no soluble, titratable material, but that,
a - — ¢

dissolution of the arsenic trioxide is greatly increased by

the presence of Jead arsenate. In fact, the increase in

rapidity of dissolution is proportional to the quantity of
lead arsenate present, although as the quantity is in-
creased beyond the ratio of about one to one the efficiency
of the lead arsenate in this respect became less. It is
¢clear that more arsenic is brought into soil solution when
both are present than when either is present alone,
That solubility is of importance in the achievement of
superior results by the composition of the invention is
clearly shown by the fact that no seeds are killed when
placed directly in the dry composition and left there for
a considerable period of time. Activity of the com-
position when practically applied in the field follows the
same schedule as the laboratory solubility tests. If Ken-
tucky bluegrass seeds are planted in a treated area, they
germinate and establish normal growth if planted at
the time of treatment. _If planted one week later how-
ever, germination is reduced; if two weeks later, per-
mination js seriously reduced: if three weeks later, little

or no germination occurs. The latter time is the period
of greatest toxicity after a field application of the com-

position. _After that, toxicity tapers off, At the end

of two and a half to three months after treatment, the

]
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Arsenical in grams
0.1428
0.1785
0.2142
0.2499

Test:

Nawa

_ The dishes were each seeded with 0.1 gram of nine
month old crab grass seed. Field conditions were ap-
proximated by bolding thc dishes in the refrigerator at
5° C. for three weeks and by then placing them in a
greenhouse for germination. Each series was replicated
six times, and six check dishes prepared in the same way
as the others but without arsenical were run as controls,
one for each rephcauon

After ten days in the greenhouse, the check or control
dishes indicated that germination was complete.. Accord-
ingly, observations were undertaken at that time.

Previous trials had indicated that it is impractical to
attempt to determine percent control and that the lowest
rate of arsenical application at which no germination oc-
curs is a reliable criterion for evaluation of the relative
effectiveness of various arsenicals.

In order to positively determine such lowest rate, 100
seeds were picked off with tweezers from those Petri
dishes at the lowest arsenical concentration showing no
indications of germination and were examined under a
dissecting ‘microscope for any physlcal evidence of
germination. No evidence was observed in any instance.
These secds were then thoroughly washed with distilled
water to remove all traces of arsemical and were placed
on arsenical-free soil under ideal germination conditions.
No germination occurred.

The results of these confirmed observations are shown
in the following table:

seeds can again be planted without danger,

Crab grass seeds are affected sooner in this time
schedule and for a longer period of time because of
their greater sensitivity to arsenicals.

For the greenhouse germination tests, Petri dishes were
prepared containing soil and the respective arsenicals to
be tested. Each dish contained 40 grams of soil spread out
to a depth of ¥4 inch. This is comparable to field con-
ditions, wherein for most soils the zone of arsenical pene-
tration is approximately % inch.

Inasmuch as very jow rates of the arsenicals concerned
are effective under ideal conditions of distribution and
their comparative performance can be best appreciated
when tested at the lowest effective conceptration, soil-
arsenical ratios ranging from 0.089172% to 0.62089%
were used for each of the arsenic trioxide alone, lead
arsenatec alone, and the two combined in "Pax’ ratio.
The lowest ratio in the range was equal to an arsenical
application rate of 1.2 pounds per 1000 sq. ft.

In each instance, the arsenical was intimately mixed
with the soil and sufficient water to make a slurry prior
to placement in the dish. This provided enough water
to carry seed germination through to completion of the
test.

The arsenicals used werc of the same analysis as in the
solubility tests. In each instance, a series of tests were
made with the particular arsenical present in the follow-
ing quantities:

Test:

Arsenical in grams
0.0357
- 0.0714

D
2
3

- ——— s = v

Lowest rate of application showing
control
Particvlar replicatlon
40 Asi03 | “Pax” com- | PbITAsO;
bination

1 0.2142 0. 1428 | No control.

2. 0. 2400 0.1428 Do.

3. 0.2142 0.1428 Do.

4. 0.2498 0. 1785 Do.

5. 0.2142 0.1785 Do.

45 ¢. 0.1785 0.1428
AVErnge. oo rccnnaaan. 0.2142 0. 1428 Do.

66

60

05

70

It can be seen that the “Pax” combination of arsesicals
(2.85 parts As;Oq to 1 part PbHAsO,) gave the best con-
trol of crab grass seed germipation in each replication,’

As indicated, lead arsenate gave mo control. This is
not in conformity with field testing, where the lead
arsenate gave control at least equal to that of arsenic
trioxide. The explanation undoubtedly lies in the fact
that, at the rates used, an insufficient period of time was
involved in the tests for any control to be exercised.
Field applicauons of lead arsenate are usually made
months pnor to the germination period for crab grass
seed. It is not feasible to run greenhouse tests over such
a long period, since the addition of water disturbs the
position of the arsenical with respect to the seed and
keeping the dishes in a saturated atmosphere brings on
attack by fungi even at Jow temperatures.

It is highly sigpificant that, even though lead arsenate
alone showed no control at these low rates of apphca-
tion and for tbe short time period involved, it did in
combination with arsenic trioxide significantly enhance
the control afforded by that arsenical. alone.

That these germinaﬁon tests correlate well with what
was observed in the field tests, as well as the laboratory
solubility tests, is indicated by the fact that the time
schedule of activity is approximately the same in all three
situations. Thus, the solubility tests indicate that equi-

0.1071 75 librium is reached in approximately two and ome half to
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three weeks. Seed toxicity tests in the feld indicate that
“Pax” applications reach their. greatest toxicity level in
iwo and one half to three weeks, with a gradual tapering
off period thereafter. Germination studies indicate that
if the plates are seeded and set to germinate immediately,
higher rates of arsenical are required .than if field condi-
tions are approximated by holding tbe plates at low tem-
perature in the refrigerator for three weeks prior to being
placed for germination.

That the hastened solution of the arsenic trioxide by
the lead arsenate is of 1mportance in the pre-emergence
control of crab grass seed is indicated by similar- Petri
dish germipation studies set up in washed silica sand,
rather than soil. The sand-containing dishes required
only one-tenth the range of arsenic to cause pre-emergence
seed destruction as was required by the soil-containing
dishes.

All natural soils other than straight sand bave arsenic
fixing capacity. Arsenicals in solution are fixed by the
clay particles, by certain metallic hydroxides, and by col-
loidal organic material, That the fixed arsenical is less
active as a seed toxicant than free arsemicals in solution
is demonstrated by the much lower arsenical rate required
in sand tests as compared to soil tests. Since soil fixation
of arsenical materials occurs constantly, the more rapidly
the arsenic trioxide goes into solution, the more free
arsenic trioxide would be found in the soil solution prior
to fixation of the material by the soil. Consequently by
speeding up the solution of arsenic 4rioxide without speed-
ing up the soil fixation, the lead arsenate supplies a higher
rate of free arsenic trioxide in the soil solution for what
is obviously a critical period.

Field tests were made by William H. Daniel at Purdue
University in 1958, using lead arsenate in comparison with
- the commercial “Pax" product. The resins in terms of
percent crab grass infestation are shown in the following
table:

Rates per 1000 square feet: Porcent oo

grass infestation

Lead arsenate (98% actual arsenical), Ibs.—
16 : 18
20 15
24 12

Pax AR-76 (combined arsenicals—33.36% ), Ibs.—
12 30
18 10
25 5

The results in terms of percent crab grass control and -

the same per pound of -arsenical are shown in the follow-
ing table:

Rates per 1000 sq. ft.: Percent crab grass control
Lead arsenate (98% actual arsenical), 1bs.—

15.68 .- 82
19.60 ———e 85
23.52 88
-Pa;t AR-76 (combined arsenicals—33.36),
1bg.—
4.02 70
6.01 90
8.34 95

From the averages shown in the above table, it can be seen
that the combination of arsenicals in the product of this
invention is 3.2 times more effective than comparable rates
of lead arsenate alone.

Other tests have indicated that a combination of calci-
um arsepate with lead arsenate acts in much the same

way as the arsenic trioxide-lead arsenate combination, al-
though mot 1o so great an extent. In other words, the
combination gives more effective pre-emergence control
of crab grass than does either used alone.

While crab grass is the most widespread of noxious turf
weeds and has reccived the most attention, it has been
jound that the composition of the invention is also ap-
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plxcable to the pre emergencc control of various other
noxious turf weeds, such as annual blue s (Poa annua)
and common danddiorﬂTEmTWFméx;zale) Jtis alsa
active on a pre-cmergence basis against various other com-
mon weeds, such as foxtail (Setaria sp.) and wzld barley
(Hordium sp.).

‘Whereas there are here jllustrated and .described: cer-
tain preferred compositions and procedures which I pres-
ently regard as the best mode of carrying out my inven-
tion, it should be understood that various changes may
bo made without departing from the disclosed inventive
subject matter particularly pointed out and distinctly
claimed berebelow.

I claim: )

1. A pre-emergence herbicide, comprising arsenic tri-
oxide; and lead dibasic arsenate, each being present in
concentration effective as 2 pre-emergence control for
turf weeds, the combined concentrations being fatally
injurious to sceds of turf weeds but substantially harm-
less to turf grasses.

2. The composition of claim 1, wherein the quantity
of arsenic trioxide is approximately three times the quan-
tity of lead dibasic arsenate. :

3. A pre-emergence herbicide, comprising lead dibasic
arsenate; and an arsenical selected from the group con- -
sisting of arsenic: trioxide and calcium arsenate, each
being present in concentration effective as a pre-emergence
control for turf weeds, the combined concentrations being
fatally injurious to seeds of turf weeds but substantially
harmless to turf grasses.

4, A compos:tmn for the pre-emergence destruction of
crab grass in turf areas, comprising an inert carrier; ar-
senic trioxide; and lead dibasic arsenate, each being pres-
ent in concentration effective as a pre-emergence control
for turf weeds, the combined concentrations being fatally
injurious to seeds of turf weeds but substantially harmless
to turf grasses.

5. The composmon of claim 4, wherein the quantity of
arsenic trioxide i3 approximately 1hrec times the quantity
of lead dibasic arsenate,

6. A composition for the pre-emergence destruction. of
crab grass in turf areas, comprising an inert carrier; lead
dibasic arsenate; and an arsenical selected from the group .
consisting of arsenic trioxide and calcium arsenate, each
being present in concentration effective as a pre-emergence
control for turf weeds, the combined concentrations being
fatally injurious to seeds of turf weeds but substantially
barmless to turf grasses.

7. A method of destroying crab grass seed in turf areas,
compnsmg spreading over the surface of a turf area con-
taining crab grass seed in a dormant state at Jeast a seed-
kﬂhng quantlty of a composition containing an inert car-’
rier; arsenic trioxide; and lead dibasic arsenate, each bemg
present in concentration effective as a pre-emergence con-
trol for turf weeds, the combined concentrafions being
fatally injurious to seeds of turf weeds but substantially
harmless to turf grasses.

8. Thé method of claim 7, wherein the composition
contains approximately three times as much arsenic tri-
oxide as lead dibasic arsemate.

9. A method of destroying crab grass seed in turf areas,
comprising spreading over the surface of a turf area con-
taining crab grass seed in a dormant state at least a seed-
killing quantity of a composition containing an inert car-
rier; lead dibasic arsenate; and an arsenical selected from
the group consisting of arsenic trioxide and calcium ar-
genate, each being present in concentration effective as a
pre-emergence control for turf weeds, the combined con-
centrations being fatally injurious to seeds of turf weeds
but substantially harmless to turf grasses.
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